Femtosecond laser-assisted cataract surgery (FLACS) represents a potential paradigm shift in cataract surgery, but it is not without controversy. Advocates of the technology herald FLACS as a revolution that promises superior outcomes and an improved safety profile for patients. Conversely, detractors point to the large financial costs involved and claim that similar results are achievable with conventional small-incision phacoemulsification. This review provides a balanced and comprehensive account of the development of FLACS since its inception. It explains the physiology and mechanics underlying the technology, and critically reviews the outcomes and implications of initial studies. The benefits and limitations of using femtosecond laser accuracy to create corneal incisions, anterior capsulotomy, and lens fragmentation are explored, with reference to the main platforms, which currently offer FLACS. Economic considerations are discussed, in addition to the practicalities associated with the implementation of FLACS in a healthcare setting. The influence on surgical training and skills is considered and possible future applications of the technology introduced. While in its infancy, FLACS sets out the exciting possibility of a new level of precision in cataract surgery. However, further work in the form of large scale, phase 3 randomised controlled trials are required to demonstrate whether its theoretical benefits are significant in practice and worthy of the necessary huge financial investment and system overhaul. Whether it gains widespread acceptance is likely to be influenced by a complex interplay of scientific and socio-economic factors in years to come.
Introduction
Femtosecond laser-assisted cataract surgery (FLACS) represents a potential paradigm shift in cataract surgery, but has also generated considerable controversy. Advocates of the technology suggest that the use of femtosecond laser precision will deliver superior outcomes, an improved safety profile for patients and pave the way for further advances in the field. Conversely, detractors point to the large financial costs involved and claim that similar results are achievable with conventional smallincision phacoemulsification.
Materials and methods
A literature search was undertaken on Pubmed using the following investigative terms: 'femtosecond', 'phacoemulsification', 'cataract', 'ultrafast', 'laser', and combinations thereof. Search results were screened for relevance, and only English language papers published up to October 2012 were included. References cited by these papers were also retrieved and analysed. In addition, articles and scientific papers from the authors' personal libraries were reviewed.
This review provides a thorough and unbiased account of the development of FLACS since its inception, assessing, and appraising the current evidence.
Historical perspective-the evolution of cataract surgery
The first references to cataract surgery were made by the scholar Aulus Celcius in 29 AD. Around 200 AD, the Indian physician Sushruta described the surgical procedure of couching, illustrating an operation whereby the eye was punctured using a 'barley-shaped tipped rod-like instrument held with the middle, index, and thumb fingers.' In the 18th century, cataract surgery reached Europe, but it was not until the 1948, through Harold Ridley and the concept of intraocular lens implantation permitting rapid visual rehabilitation, that giant strides in surgical technique were made. In 1967, when Charles Kelman introduced phacoemulsification, the need for a long postoperative stay in hospital reduced, but this was not adopted widely in the United Kingdom until the 1990s.
Since its inception, phacoemulsification surgery has accelerated through improved instruments, lens technology, fluidics, and energy delivery. 1 Nevertheless, the basic series of steps involved have remained largely unchanged over the past 20 years. 2 Today, cataract surgery is the most commonly performed surgical procedure in the world, with an estimated 19 million operations performed annually. 1 In the United Kingdom alone, it is estimated that 300 000 operations are performed per year by the National Health Service (NHS).
Lasers in cataract surgery
During the 1970s, lasers began to be investigated and developed for a variety of different applications within the arena of cataract surgery. The most widely adopted is the neodymium-doped yttrium-aluminium-garnet (Nd:YAG) laser for posterior capsulotomy in pseudophakic patients with posterior capsular opacification, a technique first described in 1980. 3 Lasers have also been employed for phacopuncture, 4 anterior capsulotomy before cataract extraction 5 and photolysis of the cataractous lens. 6, 7 However, owing to either undesirable complications or simply a preference for other non-laser-based techniques, these applications are not in common usage.
Ultrafast femtosecond laser (FSL) technology was introduced in 2001, 8 revolutionising corneal flap creation in laser in situ keratomileusis (LASIK). This has resulted in more predictable and accurate flaps with a lower frequency of complications. The number of corneal refractive procedures performed so far using FSL is estimated at over two million 9 and newer generation FSL systems continue to evolve in terms of both precision and versatility. It is postulated that FSL technology can produce the same gains in cataract surgery as it promises to improve accuracy, reproducibility, and safety beyond what is currently possible. 10 It has even been stated that FLACS may herald, 'the most important evolution since the transition to phacoemulsification.' 11 
FLACS: physiology and mechanics
The femtosecond laser Femtosecond lasers are advantageous for two key reasons. First, the 1053 nm wavelength is in the nearinfrared spectrum, which is not absorbed by optically clear tissues at low power densities 12 and is unaffected by corneal magnification. To a certain extent, it can also transmit through optically denser media such as oedematous or mildly opacified cornea. 13, 14 This permits precise focusing of a 3 mm spot, accurate to within 5 mm inside the anterior chamber. 12 Second, although argon, excimer, and Nd:YAG lasers involve nanosecond (10 À 9 s) pulses, the Nd:glass FSL employs an ultrafast pulse time of 10 À 15 s. This allows far smaller amounts of energy to be used while maintaining similar power output. The benefit of these features in ophthalmic microsurgery is that it spares delicate, adjacent tissues from collateral damage-a problem, which has hampered the use of other, longer wavelength laser systems.
Photodisruption
As with the Nd:YAG laser, FSL cuts tissue through a process of photodisruption (in contrast to excimer and argon lasers that use photoablation and photocoagulation, respectively 10 ). The highly focused FSL increases the power density at the target, leading to the light energy being absorbed by optically clear tissue. This generates a plasma of free electrons and ionised molecules that rapidly expand and collapse, causing microcavitation bubbles and an acoustic shock wave that separate and incise the target tissue. 13, 15 In contrast with Nd:YAG lasers, the microcavitation bubbles produced with FSL are much smaller, hence the reduced collateral damage. 13 The procedure
The four main FLACS platforms vary slightly in their specifics (see Table 1 ), but the basic procedure is consistent throughout, involving four unique steps, 10 as well as standard pupillary dilatation and topical anaesthesia with or without mild sedation.
Preoperative planning for FLACS surgery
First, detailed planning of each stage of the operation is required. This involves assessing the anatomy of the patient's eye, taking into account pupil diameter, anterior chamber depth, and thickness of the lens and cornea. Size, shape, and centration of the capsulotomy are then calculated, with the choice of IOL in mind. The type of lens fragmentation or liquefaction is chosen and customised by the surgeon, as this will have a bearing on the amount of phaco time and power, which is required subsequently. Parameters for the location, structure, and depth of the clear corneal incisions (CCIs) are inputted. If astigmatic relieving incisions are to be performed, their depth, length, and axis are currently determined by traditional nomograms. However, as femtosecond technology develops, these nomograms will require modification and this is currently being worked on. 16 
Docking the eye
After the planning stage is complete, the patient's eye is docked into the laser platform in a method similar to that which is used in laser refractive surgery. Docking of the eye into the LASIK interface is known to cause a significant rise in intraocular pressure, in the order of Z80 mm Hg. 17, 18 Although this has been linked to complications such as LASIK-induced optic neuropathy, 19 it is generally well tolerated by the younger refractive surgery population. 10 However, this rise in intraocular pressure is likely to be more problematic in elderly cataract patients, with the risk of ischaemic retinal and optic nerve injury. In particular, patients with advanced glaucoma may be at risk of 'snuff-out'. For this reason, the developers of FLACS platforms have been compelled to devise alternative methods of stabilising the patient's eye within the optical system, while reducing intraocular pressure rise and anatomical distortion. LenSx uses a curved contact lens, which applanates the cornea and produces an IOP rise of up to 40 mm Hg. 20 OptiMedica's LiquidOptics interface has been found to generate an intraocular pressure rise of 15 mm Hg. 21 Both OptiMedica and LensAR have developed no-touch, non-applanating systems, which employ a liquid interface between the laser system and the eye. 10 This prevents the formation of corneal folds, which can interfere with laser delivery. Maintaining a highly focused laser in this way allows lower energy levels to be used, with less collateral damage and consequently better results.
Intraoperative anterior segment imaging
The third step in the procedure involves high-resolution, three-dimensional, wide-field imaging of the anterior segment. Detailed visualisation of the cornea, iris, iridocorneal angle, and lens (including anterior and posterior capsule) is the key to success and safety with FLACS. Inaccuracy at this stage increases the risk of incomplete capsulotomy, imprecise corneal incisions, damage to the iris, and posterior capsular rupture. Two systems have been developed for this purpose, with LenSx, Catalys (Optimedica), and VICTUS (Technolas Perfect Vision) utilising Fourier-domain optical coherence tomography and LensAR employing a confocal structured illumination-scanning transmitter system similar to the Scheimpflug imaging systems developed for corneal topography. 2, [22] [23] [24] The treatment stage Following docking and visualisation, the treatment stage is initiated. Each laser incision is constructed in the posteroanterior plane, a principle that elegantly employs the posterior microcavitation bubbles to scatter the laser beam and reduce the amount of energy reaching the Laser-assisted cataract surgery S Trikha et al retina. 14 By keeping the bubbles posterior to the laser target, the focus of the laser beam is maintained and this avoids scatter before the target tissue. 14 The sequence of incision creation varies between the available FLACS platforms and although theoretical differences exist, there is currently insufficient evidence to suggest which order has superiority. After the laser incisions have been created, lens removal and IOL implantation are performed under sterile conditions, ideally without moving the patient. With Optimedica and LensAR systems, the patient is usually maintained in the same room with the machine moved away; however, the LenSx and VICTUS platforms come with a patient bed in order for patient transfer.
Applications and potential benefits
Femtosecond laser currently has four applications in cataract surgery: astigmatic limbal relaxing incisions (LRIs), corneal wound construction, anterior capsulotomy (or laser-incised capsulorhexis), and lens fragmentation. 10 It is envisaged that the introduction of femtosecond laser in these four domains will lead to cataract surgery becoming faster and safer, with better visual outcomes. 25 
Limbal relaxing incisions
A potential application of FLACS is in the creation of highly accurate, reliable astigmatic LRIs. Manual LRIs can be technically challenging, with many surgeons reluctant to perform them due to concerns related to inaccuracy and the small risk of corneal perforation. Therefore, only a small proportion of patients who could benefit from LRIs are actually receiving them. 10 Femtosecond laser-assisted LRIs may allow for optimum correction of low astigmatism, rendering conventional and somewhat unpredictable, manual LRIs obsolete. For higher degrees of astigmatism, however, it is likely that toric IOLs will continue to represent the best treatment modality.
Corneal wound construction
The self-sealing CCI, used by the majority of cataract surgeons to gain access to the anterior chamber, 26 is another aspect of cataract surgery which femtosecond technology aims to improve. The length and shape of the incisions are important factors in corneal wound safety, with square surface architecture being associated with less wound leakage 27, 28 and consequently a lower risk of hypotony, iris prolapse, and endophthalmitis. A wellconstructed three-step CCI reduces the risk of 'wound slippage', which can result in induced astigmatism.
Damage to Descemet's membrane and gaping at the internal aspect of the corneal wound are also commonly found with manual CCIs. 29 This can lead to delayed healing and an increased risk of corneal decompensation. 30 Masket et al 28 demonstrated greater architectural stability and reproducibility with corneal incisions in cadaveric eyes created with the femtosecond laser. Using indentation with ophthalmodynamometry, FSL incisions measuring 3.0 Â 2.0 mm were found not to leak at any level of external pressure. 28 More rectangular incisions (3.0 Â 1.0 mm) leaked with all levels of external pressure. 28 However, conclusions from this pilot study were limited by the small sample size and the fact that cadaveric eyes were used. In a subsequent in vivo study of 50 human eyes, Palanker et al 14 employed multiplanar corneal incisions, which were self-sealing and resistant to leakage under physiological intraocular pressure. It is thought that this, combined with a reduction in the mechanical stress exerted on the eye during the FLACS procedure, will lead to faster healing and fewer CCIrelated complications. Longer follow-up data are required to add evidence to these hypotheses.
Anterior capsulotomy
Several studies have increased the understanding of the importance of the anterior capsulotomy. Its size and circularity is one of the key determinants of the positioning and performance of the IOL. If the capsulotomy is too small, fibrosis and hyperopic shift may ensue. 31 Conversely, if too large or asymmetric, the IOL may be adversely affected by tilt, rotation, decentration, myopic shift, and posterior capsular opacification. 21, 32, 33 The capsulotomy is also closely related to the effective lens position (ELP) and it has been found that imprecise estimation of the ELP is the single biggest cause of inaccurate IOL power calculation. 34, 35 Tilt, rotation, decentration, and changes in ELP may have even more profound effects with toric, accommodating and multifocal IOLs. 36 All of these factors have implications for the final refractive outcome, while also increasing the risk of aberrations such as astigmatism, halo and coma. 37 Ideally, the capsulotomy should be perfectly circular and overlapping the IOL optic by 0.5 mm for 360 degrees. 21 These factors are of great significance when considering the newest IOL designs. One example is the dual-optic accommodating IOL, whose accommodative ability depends on movement of the anterior optic with ciliary contraction and relaxation. This relies on the IOL being fully overlapped by the anterior capsule, without which the anterior optic may prolapse out of the capsular bag. 38, 39 The remarkable potential of these more complex 
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IOLs may not be fully realised with the current limitations imposed by the relative imprecision of the manual capsulorhexis. Indeed, a suboptimal capsulorhexis is a relative contraindication to the implanting of an accommodative IOL. Constructing the anterior capsulorhexis manually is technically challenging and recognised as one of the most difficult aspects of cataract surgery to learn. 40 Despite this, it remains unenhanced by advances in technology and is still dependent on freehand, circular tearing by the surgeon. It is estimated that the manual capsulorhexis is complicated by capsular tears in 1% cases 2 and its complexity increases in cases involving shallow anterior chambers, paediatric/mature cataracts, fibrosed capsules, weak zonules or poor visibility. 21, 41 Although cataract surgeons may previously have been satisfied by completing the capsulorhexis safely, the emphasis is now shifting towards completing the procedure with greater accuracy in terms of shape, centration and diameter. Most surgeons currently use anatomical landmarks such as the pupillary margin to guide the placement of the capsulorhexis. Owing to factors such as irregular pupillary dilation, differences in corneal magnification and other anatomical variants, these landmarks are not always reliable. Studies have shown that even in the hands of an experienced cataract surgeon, there is considerable variability in the construction of the manual capsulorhexis. 2, 21 In their landmark study from 2009, which evaluated the LenSx platform, Nagy et al 2 demonstrated FSL capsulotomies to be significantly more accurate and reproducible in terms of size, circularity and centration than manual capsulorhexes. In this study, those measuring circularity and centration were not blinded as to whether FLACS or conventional phacoemulsification had been performed. Although this introduces a risk of bias, similar conclusions have since been reached by several other studies. 14, 21, 28, [42] [43] [44] [45] An anterior capsule that completely overlaps the optic of the IOL is known to reduce the risk of posterior capsular opacification, improve IOL centration and reduce myopic shift. 34 , 45 Nagy's team have produced statistically significantly lower rates of incomplete capsulotomy-IOL overlap with FLACS (6/54; 11%) when compared with conventional cataract surgery (16/57; 28%), although this study was limited by short follow-up of 1 week and a lack of blinding for the postoperative measurements. 45 Another conclusion from this study was that the diameter of manual capsulorhexes varied with differences in pupil size, axial length, and magnification from the corneal curvature. 45 Conversely, capsulotomies performed with femtosecond laser were not influenced by these variables. 45 No significant difference in capsulotomy circularity between the laser and manual groups was found in this particular study. 45 FSL capsulotomies in porcine eyes have been shown to be able to withstand greater amounts of stretch than manual capsulorhexes. 2 Similar results related to the strength of the capsular edge in porcine eyes have been reported by other authors. 14, 21, 46 Whether this increased tensile strength is similar in human eyes and leads to clinically relevant benefits, in terms of lower rates of capsular tear, remains to be seen.
Although there are variations between the LenSx, LensAR and Catalys systems in their capsulotomy results, they are united by increased precision and circularity relative to manual capsulorhexes. 44, 47, 48 The LenSx and Catalys systems have also been reported to give improved results for IOL centration when compared with the manual technique. [47] [48] [49] Using LenSx, Kranitz et al 49 found the improved IOL centration to remain statistically significant at 1 year postoperatively. In this study, horizontal and vertical IOL centration was found to worsen more over the first year with manual capsulorhexis than with femtosecond capsulotomy (anteroposterior IOL position was not evaluated). This was presumed to be a result of asymmetric capsular contraction, although interestingly the study found no significant difference in circularity between femtosecond capsulotomy and manual CCC after 1 month. The authors concluded that the risk of IOL decentration was six times higher with manual capsulorhexis. 49 This is particularly important with accommodating and multifocal IOLs, in which it has been found that even slight decentration (40.4 mm) can adversely affect optical performance. 50 Curiously, Kranitz et al 49 used both three-piece and one-piece spherical, acrylic lenses in their study, but did not specify what influenced the choice of lens. No significant differences were noted between the different lenses in terms of decentration.
New intraocular lenses designed specifically to take advantage of the increased precision of femtosecond technology are already in development. However, there is currently no long-term data to prove the more precise laser capsulotomy ultimately leads to significantly better visual and refractive outcomes than a manual capsulorhexis performed by an experienced surgeon. Particularly with simple, monofocal IOLs, the differences may be unnoticeable.
Lens liquefaction and fragmentation
Complications in cataract surgery most frequently occur during or because of phacoemulsification itself. 51 Intraocular manipulation of the rapidly oscillating ultrasound probe at this stage increases the risk of injury to the capsule, iris, and cornea. Thermal injury to the corneal wound may also occur. Furthermore, the risk of endophthalmitis is thought to increase every time an instrument is introduced into the eye. 52 Laboratory and animal studies have shown that ultrasound power within the anterior chamber causes oxidative stress and cellular injury, with the production of free radicals that are toxic to the corneal endothelium. 53, 54 However, the magnitude of this cellular damage in vivo with modern phacoemulsification techniques is uncertain, so its clinical relevance remains unclear.
FLACS has been designed to pretreat the lens, by using liquefaction or fragmentation patterns to segment the nucleus and soften harder cataracts, 10 thus decreasing the amount of intraocular instrumentation and movement. Liquefaction has been suggested for refractive lens exchange and softer cataracts (up to LOCS grade 2.0), whereas fragmentation is recommended for harder lenses (up to LOCS grade 4.0). 16 In porcine studies with the LenSx system, lens fragmentation allowed the surgeon to reduce ultrasound power by 43%, and phacoemulsification time by 51%. 2 The authors of this study employed a 'divide and conquer' technique for manual phacoemulsification. Whether such significant contrasts in ultrasound power and phaco time exist with other techniques (eg 'phaco chop') remains to be elucidated. Palanker et al's 14 randomised case-controlled study of 59 human eyes in vivo found that phacoemulsification energy was reduced by 39% in eyes treated with FLACS compared with standard cataract surgery. However, the technique used for manual surgery was not specified in this study.
Similar results have been achieved with alternative fragmentation algorithms on different laser platforms. 24, [55] [56] [57] [58] [59] [60] One study demonstrated significantly less corneal swelling on the first postoperative day with FLACS, compared with conventional surgery. 61 Although differences between the two groups did not remain statistically significant at 1 week and 1 month postoperatively, the authors concluded that FLACS may be less traumatic to the corneal endothelium. 61 This seems promising, but long-term studies are required to determine whether or not laser lens fragmentation significantly improves the safety profile and outcomes of cataract surgery. Efforts are ongoing to determine which fragmentation patterns have superiority in terms of reducing effective phacoemulsification time. 62 The ultimate objective may be to develop a fragmentation and liquefaction algorithm, which allows the lens to be simply aspirated, obviating the need for ultrasound energy at all.
Outcomes in human studies
The number of studies of FLACS in human subjects is steadily increasing. So far, good visual outcomes, low complication rates and no significant safety concerns have been reported. In their original study of nine human eyes, Nagy et al 2 achieved 20/20 best-corrected visual acuity (BCVA) in all cases at 1 month postoperatively. A larger study undertaken by Edwards et al 63 compared 60 eyes treated with the LensAR platform, with 45 eyes undergoing conventional cataract surgery. The FLACS group achieved a mean BCVA of 0.05±0.1 logMAR, whereas the conventional control group achieved 0.03 ± 0.05 logMAR. This difference did not attain statistical significance. A study of 53 eyes, presented at the 2011 ARVO annual meeting, produced significantly better outcomes with femtosecond capsulotomy over manual capsulorhexis in terms of the mean deviation of spherical equivalent from target refraction. 64 Further work by Nagy's group has shown that predictability of IOL power calculation is significantly better in a prospective study of FLACS (n ¼ 77) compared with conventional cataract surgery (n ¼ 57). 65 In contrast, a similar study comparing femtosecond capsulotomy (n ¼ 48) with manual capsulorhexis (n ¼ 51), found no statistically significant differences in postoperative residual refraction or distance visual acuity. 66 However, the same study did demonstrate significantly better outcomes in the FLACS group in terms of internal optical aberrations (intraocular vertical tilt, coma and Strehl ratio). 66 Whether this produces tangible improvements in visual quality which can be appreciated by patients remains to be established.
In a study of 50 eyes treated with the LenSx system and implanted with accommodating IOLs, each eye achieved BCVA of 20/30 or better at 1 week postoperatively. 67 This study correlated with earlier reports in terms of the accuracy and reproducibility of FSL-corneal incisions. It also demonstrated reduced variation in ELP, decreased surgical manipulation, less ultrasound power and fewer induced optical aberrations. In a separate study of 50 patients, with one eye undergoing FLACS on the Optimedica platform and the fellow eye undergoing conventional surgery, nonstatistically significant differences between the two groups in terms of change in postoperative BCVA were reported. 14 Another outcome from this study was improved rates of postoperative corneal oedema in the laser group. To address safety aspects of the technology, a sidearm of the same study investigated the effect of maximal FSL settings on the fundi of rabbit eyes. It was found that no retinal damage occurred, as assessed by fundoscopic imaging and fluorescein angiography. 14 
Macular oedema, diabetic maculopathy, and ARMD
Subclinical macular oedema is a common complication of conventional phacoemulsification. In a study comparing the macular effects of FLACS vs conventional surgery 20 This difference between the FLACS and control groups reduced after 1 month and no longer attained statistical significance, but the authors suggested that reduced subclinical oedema in the early postoperative phase could be beneficial for patients at risk of developing clinically significant cystoid macular oedema later on. 20 No statistically significant differences between the two groups were found in terms of foveal thickness, total macular volume, or outer macular ring thickness. 20 A subsequent study demonstrated the presence of subclinical macular oedema in eyes undergoing FLACS (n ¼ 12) and conventional surgery (n ¼ 13), predominantly in the outer nuclear layer (ONL), which comprises the photoreceptors. 68 It is thought that this macular thickening is related to inflammation mediated by prostaglandins and triggered by manipulation of the anterior segment, particularly the iris. 20, 68 Interestingly, the relative ONL: total retina ratio was significantly less in the FLACS group in both the inner macular ring (0.26 vs 0.28) and the outer macular ring (0.27 vs 0.29). 68 No significant difference in visual acuity was found between the two groups, but this study was limited by small numbers. These findings may be relevant when considering patients deemed to be at high risk of developing postoperative inflammation, cystoid macular oedema, and diabetic maculopathy. However, both of the aforementioned studies were limited by small numbers and short follow-up periods of 1 month and 4-8 weeks, respectively, so larger, longer-term studies are required to fully investigate this potential benefit. Little is known about the effects of FLACS on age-related macular degeneration (ARMD), although one could infer that a reduced inflammatory response in the eye may decrease the risk of ARMD progression.
Complex cataract cases
FLACS is possible, and may even help improve outcomes, in trauma cases with white cataract formation or anterior capsule rupture. 69 Anterior capsular lacerations complicate the construction of the manual capsulorhexis, but the increased delicacy and accuracy of femtosecond lasers may be able to overcome this. However, the high precision of FLACS does currently depend on a stable lens and so lens fragmentation may not be an option if phacodonesis has occurred as a consequence of trauma. Similarly, unstable lenses in the context of pseudoexfoliation or zonular dialysis may also be a relative contraindication.
Although the majority of studies to date have focused on improving refractive outcomes in relatively low-risk patients, as the technology develops and limitations are addressed, it could be found that FLACS is the method of choice for dealing with difficult cataracts at high risk of corneal, capsular, zonular, or retinal problems.
Practicalities and limitations

The docking process
The FLACS platforms are strongly reliant upon the compliance and other characteristics of patients. Poor mobility, tremor, an inability to lie flat, deep set eyes, and narrow palpebral apertures may impair the docking process and therefore are relative contraindications. Indeed, in a study of 200 eyes undergoing FLACS, the mean number of docking attempts was 1.5, although this decreased as the surgeons' experience increased. 70 Occasionally, a loss of suction can occur after the eye has been docked. Bali et al 70 encountered this in 5 of 200 eyes, but in each case the footswitch was released and the laser was not initiated. It has been suggested that movement of redundant conjunctiva, or the appearance of a meniscus, may alert the operating surgeon to an impending loss of suction.
Corneal limitations
Corneal incisions are currently designed to be incomplete, so the anterior chamber is not breached before the patient enters the operating theatre and the ocular surface and adnexae are sterilised. Although no cases of endophthalmitis have so far been reported following FLACS, protocols regarding ocular surface sterilisation have yet to be established. Conceivably, microorganism entrapment could occur within the corneal incision, which is then opened with a microkeratome or blunt spatula. 14, 16 Corneal opacification may hamper absorption of the laser, and therefore affect the quality of corneal incisions. Similarly, it may result in dispersion of laser energy, although the extent of corneal opacification and oedema through which FSL can pass without significant scatter is not yet known. 14 Although the corneal incisions aim to be self-sealing, stromal hydration may still be required, particularly during the learning curve. 16 
Capsular complications
FSL capsulotomy requires pupillary dilatation in the order of 7-8 mm, and therefore marked corectopia, poor dilatation, and posterior synechiae are relative contraindications. 16 In addition, FLACS has been associated with an increased risk of capsular block
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Eye syndrome (CBS), in which posterior capsule rupture (PCR) and lens dislocation occurs following hydrodissection. 71 In Roberts et al's 71 series of the first 50 patients undergoing FLACS at their facility, two eyes were complicated by intraoperative CBS. The theory behind this is that FSL lens fragmentation results in intralenticular gas, which expands the nuclear volume. The near-perfect edge of the FSL capsulotomy is then thought to form a seal around the expanded nucleus. This restricts the flow of fluid around the lens, resulting in posterior pressure on the capsule and posterior capsular rupture. It should be noted that, with adjustments to the technique and increased awareness of the risk of CBS, no further cases have occurred at this particular facility. 71 Bali et al's 70 study of their first 200 patients undergoing FLACS on the LenSx platform highlighted the learning curve associated with FLACS and revealed interesting findings relating to the capsulotomy. Once created, the capsulotomy is relatively straightforward to remove, with all patients scoring 8 out of 10 when capsulotomies were ranked on a 1-10 scale according to ease of removal. 70 Indeed, 17.5% (35/200), developed free capsulotomies requiring no manual detachment after FSL treatment, and this number increased significantly with the learning curve. 70 In 10.5% (21/200), the presence of small anterior capsular tags was noted, which led to anterior capsular tears in 4% (8/200). 70 These extended posteriorly in four eyes, with three requiring anterior vitrectomy and all four needing sulcus implantation of the IOL. 70 This anterior capsular tear rate of 4% compares with other studies of conventional cataract surgery, which have demonstrated rates of 3.8% and 4.7-5.3%. 72, 73 This study of FLACS also gave an overall incidence of 3.5% for PCR and 2% for posterior lens dislocation, although there was a trend towards fewer complications with time, and fewer complications among surgeons with previous experience with femtosecond lasers. 70 These figures may seem high when compared with those commonly quoted for conventional phacoemulsification. The United Kingdom Cataract National Dataset audit found the combined rate of zonular or PCR to be 1.92%. 74 However, it should be emphasised that Bali et al's report described the learning curve of FLACS-a feature of all new techniques, including phacoemulsification itself when it was introduced. For comparison, a similar description of the phacoemulsification learning curve reported an initial 4% rate of vitreous loss, which subsequently fell to 0.7% over the course of the author's first 3000 cases. 75 
Grade of cataract
At present, limitations exist regarding the nature of cataracts that can be treated. Lens fragmentation has an upper limit of capability of LOCS grade 4.0 cataracts, therefore brunescent cataracts may require conventional phacoemulsification, or even extracapsular cataract surgery. Posterior subcapsular cataracts may also rely upon an alternative approach, as the safety margin for FLACS has been suggested as at least 400 mm from the posterior capsule. 16 
Surgical time
In the experience of Bali et al, 70 the average time spent in theatre was 18.30 ± 5.1 min (n ¼ 200), comparing closely to conventional phacoemulsification, where an average time of 15.66±3.10 min was spent per case in the control group.
Training implications and the learning curve
FLACS will certainly require a period of training under supervision, just as with phacoemulsification. Surgeons will need to learn to dock the eye to the laser, as well as understand how to interpret the anatomical images, adjust the laser parameters and deliver energy safely. As demonstrated by Bali et al and as was the case with phacoemulsification, the FLACS technique will involve a significant learning curve-even for experienced cataract surgeons. Each machine is likely to have specific alterations that will require a period of learning by the attending surgeon. Furthermore, with training programmes throughout the world adopting a more competency-based structure, standards across different platforms would have to be considered and adopted by regulatory training boards.
One suggested concern with the development of FLACS is that of a 'loss' of surgical skills, particularly in view of the limitations of the technology. It should be emphasised that FLACS was designed to improve safety and efficacy, but not to replace highly trained surgeons with lesser-skilled technicians. A competent surgeon would still be essential in managing potential complications or irregularities with the laser system. It has also been highlighted that the critical factor of surgical judgement and experience simply cannot be coded into laser software. 76 A useful parallel here is the transition between extracapsular cataract surgery and phacoemulsification. In the current surgical climate of the west, an extracapsular procedure is now performed extremely rarely, with subsequent exposure for trainee surgeons limited. Even if FLACS becomes widespread, there is still likely to be a need for conventional phacoemulsification in complicated eyes with ocular co-morbidities such as pseudoexfoliation, traumatic phacodonesis, or pupillary sphincter ischaemia due to diabetes.
Overall, FLACS may allow less-experienced surgeons to obtain better results, but may fail to demonstrate a significant improvement for experienced cataract surgeons not implanting premium intraocular lenses. It is therefore likely to 'flatten the curve', with surgeons attaining similar outcomes across the board.
Economics and financial considerations
Despite its perceived benefits, FLACS is not yet widespread, even in high-volume refractive centres. This is largely due to the significant financial costs involved in its implementation. Although costs are likely to reduce with competition and more entrants to the market, it is probable that the initial cost of the FLACS platform itself will be between US$400 000 and $500 000. 77 Furthermore, a usage fee is likely to be $150 to $400 per eye and maintenance costs are estimated to be around $40-50 000 per year. 77 If surgeons are confident in their own microsurgical skills and outcomes, it could be difficult to justify the additional expense, except perhaps in a very high-volume refractive cataract practice.
In a state-funded healthcare system, without the use of premium intraocular lenses, the use of FLACS will no doubt be questioned. The current NHS Tariff to perform cataract surgery is d704. 78 The benefit of doing a capsulotomy using a d500 000 laser compared with a needle costing a few pence must correlate with the proportional benefit in outcome. At the present time, outside of toric and accommodative IOL use, this does not exist and consequently there is, so far, no reimbursement scheme from either private medical insurance or national health systems. 79 However, with time and marketing, it is likely that the public perception will change. As awareness of femtosecond technology increases, we will start to experience more and more patients asking about or demanding FLACS. This may necessitate a change in the state-funded healthcare system to allow top-up care, where patients are given the option of paying extra for the premium IOL and laser technology. A system of 'co-payments' such as this is already permitted in some European countries, but not currently in the United Kingdom. Another method of improving economic viability may be through 'bundled discounts', whereby companies reduce the cost of their laser machines in return for a supply contract for other surgical instruments and IOLs. 77 From a practical viewpoint, the implementation of FLACS in the NHS would require a complete system redesign of existing cataract surgery pathways. The consent process, often conducted by senior nurse practitioners in high-volume units, may need to be replaced, at least in the early stages, by a detailed discussion by the operating surgeon. It has been suggested that surgery should not be conducted on the same day as preoperative assessment. 16 Operating theatre space would have to be created to fit the laser, with extra space required to allow transfer of either the patient or the phacoemulsification machine to permit the second stage of the operation. It is thought that there is a window of opportunity lasting 2-3 h after femtosecond capsulotomy, before leaking lens proteins elicit an anterior chamber inflammatory reaction. Therefore, to improve efficiency, two or three patients could be pretreated with the FLACS system before lens removal and IOL implantation in the operating theatre. 16 One model has been proposed, whereby a single laser suite, operated by one surgeon, feeds into several operating theatres with other surgeons completing the manual parts of the procedure. 79 A situation could result where cataract surgery is no longer performed in smaller hospitals or outreach theatres, with it instead becoming centralised using a 'carousel' model in larger units with access to femtosecond technology. If superior efficacy and safety profile can be demonstrated conclusively, it is conceivable that FLACS may eventually have a role in the management of complex cataracts within the public sector.
The shifting of patient expectations
It is suggested that following NHS cataract surgery in the UK, 55% cases should be within 0.50 dioptre of their target postoperative refraction, and 85% within 1.00 dioptre. 80 However, as with all branches of medicine and surgery, the expectations and demands of patients are changing. With rapidly advancing IOL technology and an increasing emphasis on achieving near emmetropia, tolerance of less than perfect visual and refractive outcomes is decreasing among patients and surgeons alike. Cataract surgery is being transformed into a refractive operation, and is now the most common procedure to correct refractive errors, being performed five times more frequently than corneal refractive treatments. 8 Unfortunately, the limitations of currently available biometry and surgical techniques mean that the full potential of toric, multifocal, and accommodating IOLs may not reliably be achieved. Several authors have suggested that FLACS may provide the solution to this dilemma, as well as improving the results of standard cataract surgery, which are highly dependent on the skill and experience of the surgeon. 2, 10, 14, 21 If significantly improved outcomes and safety can be demonstrated, it is possible that FLACS may become the gold standard in years to come. 10 Laser-assisted cataract surgery S Trikha et al
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A false dawny?
Little is known regarding the medium and long-term outcomes of FLACS. By virtue of its longer existence, phacoemulsification is still the benchmark of safety, efficacy, and convenience. The cataract and refractive industry is fast evolving, innovative, and consistently striving to reduce the risks of complications and improve the outcomes for patients.
However, similar to all technology, FLACS has its limitations and may not be suitable for every patient. Furthermore, little is known about the in vivo behaviour of different forms of cataract with laser fragmentationdoes a vacuolated cataract behave in the same way as a posterior subcapsular cataract, for example? Skilled cataract surgeons will be needed to operate the FLACS platform and deal with any complications that may arise. In certain circumstances, conversion from FLACS to conventional phacoemulsification surgery may be required.
Many questions remain regarding FLACS and more are likely in the immediate future. Weight would certainly be added to the pro-FLACS argument if the findings from initial studies could be replicated and thus validated by independent groups.
From a technical viewpoint, some debate exists regarding the benefits of laser corneal incisions. Masket's cadaver study certainly highlighted improved structural stability, 28 but current practice involves a partial thickness incision, which is then completed manually once the patient is sterile. Although this avoids breaching the anterior chamber before the patient is sterile, it may impact on the perceived advantages of the laser incisions.
Enhanced ability in lens fragmentation would minimise the need for additional ultrasound energy, even for the densest cataracts, but the improved outcomes may not be sufficient to justify the extra expense.
yOr new beginnings?
The use of femtosecond lasers in cataract surgery continues to evolve and with that, its potential applications extend. A case series of eight patients has reported success using FLACS with 25-gauge phacovitrectomy, 81 which paves the way for combining the technology with other ophthalmic procedures. In patients with corneal opacity, it is conceivable that a femtosecond laser could be employed to create a corneal flap and improve visualisation before proceeding with FLACS.
Currently, there is no known way of preventing cataract formation. Similarly, although attempts have been made, no non-surgical treatment modalities exist in a clinically useful form. However, femtosecond lasers have been demonstrated to 'bleach' the human lens through photolysis, decreasing the amount of yellow pigment and resulting in optical rejuvenation of between 3 and 7 years. 82 It has been postulated that this may delay the need for cataract surgery by 5 years, leading to a 35% reduction in surgical volume. 83 Accurate capsulotomies will improve the precision of intraocular lenses, and the use of decentred intraocular lenses for strabismus is a potential use. 84 If FLACS gains widespread acceptance, its improved precision and accuracy may pave the way for further advances in IOL design. 10 Photodisruption with femtosecond laser has been shown not to cause cataractogenesis or loss of lens function. 85 This opens up the possibility of using FSL technology in lenticular refractive surgery. It has been suggested, through the creation of lenticular incisions acting as gliding planes across collagen fibrils, that an element of accommodation to presbyopic lenses could be restored. 85 
Conclusion
An absence of randomisation and blinding has affected most studies performed to date. Although this introduces a risk of bias to the results, this is mitigated by the fact that most authors have reached similar conclusions. It should also be noted that these early studies, by definition, are affected by the phenomenon of the learning curve. Better results are likely to be reported as surgeons ascend the curve and refine the technique.
Certainly large scale, phase 3 multicentre randomised controlled trials are required to adequately assess the long-term efficacy and complication rates of FLACS when compared with conventional cataract surgery. Will FLACS prove to be significantly superior in terms of long-term visual and refractive outcomes, or simply non-inferior? Will significantly lower rates of endophthalmitis, dropped nuclei, vitreous loss, and posterior capsular opacification be achieved? Prospective studies to compare FSL astigmatic relieving incisions with manual incisions and toric IOLs will also provide valuable information. It is clear that FLACS does indeed herald progress in modern cataract surgery, but further work is required to demonstrate whether its theoretical benefits are significant and worthy of huge financial investment and system overhaul.
